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(57) ABSTRACT

A linear motion actuator includes an outer ring member
mounted in a housing, a rotary shaft rotated by a motor,
planetary rollers mounted between the outer ring member
and the shaft and supported by a carrier rotatable about the
shaft. A helical rib is formed on the inner surface of the outer
ring member which is engaged in helical grooves formed in
outer surfaces of the planetary rollers. When the shaft
rotates, the planetary rollers rotate and revolve, thereby
axially moving the outer ring member. Uneven axial loads
applied to the planetary rollers from the outer ring member
are supported by thrust bearings disposed between the
planetary rollers and an inner disk of the carrier. Aligning
seats are provided between each opposed pair of the plan-
etary rollers and the thrust bearings such that the contact
surfaces of the aligning seats shift relative to each other
under the uneven axial loads.

2 Claims, 14 Drawing Sheets
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1
ELECTRIC LINEAR MOTION ACTUATOR
AND ELECTRIC DISK BRAKE SYSTEM

TECHNICAL FIELD

This invention relates to an electric linear motion actuator
for linearly driving a driven member such as a brake pad,
and an electric disk brake system including such an electric
linear motion actuator.

BACKGROUND ART

An electric linear motion actuator driven by an electric
motor includes a motion converter mechanism for convert-
ing the rotary motion of the rotor shaft of the electric motor
to a linear motion of an axially movable supported driven
member.

Known such motion converter mechanisms include a
ball-screw mechanism and a ball-ramp mechanism. While
these known motion converter mechanisms can increase
power to some extent, they cannot increase power to a level
necessary in an electric disk brake system.

Thus, if such a conventional motion converter mechanism
is used in an electric linear motion actuator, it is necessary
to additionally provide the actuator with a speed reduction
mechanism such as a planetary gear mechanism to increase
driving power. The addition of such a speed reduction
mechanism leads to increased complexity and size of the
electric linear motion actuator.

In order to avoid this problem, the applicant of this
invention proposed, in JP Patent Publication 2010-65777A
and JP Patent Publication 2010-90959A, electric linear
motion actuators which are suitable for use in electric disk
brake systems because they can increase power to a con-
siderable degree without the need for a speed reduction
mechanism, and are small in linear motion stroke.

Either of the electric linear motion actuators disclosed in
JP Patent Publication 2010-65777A and JP Patent Publica-
tion 2010-90959A includes a rotary shaft rotated by an
electric motor, an axially movable outer ring member, and
planetary rollers mounted between the rotary shaft and the
outer ring member. When the rotary shaft is rotated, the
planetary rollers are rotated about their respective own axes
while revolving around the rotary shaft, due to frictional
contact with the rotary shaft. This causes the outer ring
member to move linearly in the axial direction because a
helical rib formed on the radially inner surface of the outer
ring member is engaged in helical grooves or circumferen-
tial grooves formed in the radially outer surfaces of the
planetary rollers.

Either of the electric linear motion actuators disclosed in
JP Patent Publication 2010-65777A and JP Patent Publica-
tion 2010-90959A further includes thrust bearings mounted
between the respective planetary rollers and an inner disk of
a carrier rotatably supporting the planetary rollers. The
thrust bearings allow smooth rotation of the planetary rollers
when axial loads are applied to the planetary rollers from the
outer ring member.

In either of the electric linear motion actuators disclosed
in JP Patent Publication 2010-65777A and JP Patent Publi-
cation 2010-90959A, axial loads from the outer ring mem-
ber are applied to each planetary roller at its portion where
the helical groove or circumferential grooves are in engage-
ment with the helical rib of the outer ring member. Thus such
axial loads are unevenly applied to the planetary rollers and
thus such uneven loads are applied to the respective thrust
bearings too.
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As a result, a large axial load is applied to a rolling
element of each thrust bearing that is axially aligned with the
portion of the corresponding planetary roller where axial
loads are applied, and a smaller axial load is applied to a
rolling element that is circumferentially farther apart from
the first-mentioned rolling element. This results in uneven
surface pressure distribution of each thrust bearing in the
circumferential direction, increasing the possibility of
uneven wear of the rolling elements and the bearing races of
the thrust bearings.

SUMMARY OF THE INVENTION

An object of the present invention is to make uniform the
circumferential surface pressure distribution of the thrust
bearing rotatably supporting each planetary roller.

In order to achieve this object, the present invention
provides an electric linear motion actuator comprising a
cylindrical housing, an outer ring member mounted in the
housing, a rotary shaft extending along a center axis of the
outer ring member and configured to be rotated by an
electric motor, planetary rollers mounted between a radially
outer surface of the rotary shaft and a radially inner surface
of the outer ring member, a carrier supported by the rotary
shaft so as to be rotatable about the rotary shaft and rotatably
supporting the planetary rollers, the carrier including an
inner disk, wherein a helical groove or circumferential
grooves are formed in a radially outer surface of each of the
planetary rollers, and a helical rib is formed on the radially
inner surface of the outer ring member, the helical rib being
in engagement with the helical grooves or the circumferen-
tial grooves of the respective planetary rollers, wherein the
rotary shaft is kept in frictional contact with the respective
planetary rollers, whereby when the rotary shaft rotates,
planetary rollers are configured to rotate about respective
axes of the planetary rollers while revolving around the
rotary shaft, thereby moving the outer ring member in one
axial direction, and thrust bearings mounted between the
respective planetary rollers and the inner disk of the carrier
and configured to receive an axial force applied to the
respective planetary rollers from the outer ring member
when the outer ring member is moved in the one axial
direction, wherein the actuator further comprises pairs of
aligning seats, each pair being provided between each of the
planetary rollers and a corresponding one of the thrust
bearings or between each of the thrust bearings and the inner
disk of the carrier.

The present invention also provides an electric disk brake
system comprising an electric linear motion actuator, a brake
pad, and a brake disk, wherein the brake pad can be linearly
driven by the linear motion actuator and pressed against the
brake disk, thereby generating braking force, wherein as this
electric linear motion actuator, the electric linear motion
actuator according to this invention is used.

In this electric linear motion actuator, when the rotary
shaft is rotated by the electric motor, the planetary rollers
rotate about their own axes while revolving around the
rotary shaft, due to frictional contact between the planetary
rollers and the rotary shaft. In this state, since the helical rib
formed on the radially inner surface of the outer ring
member is engaged in the helical grooves or circumferential
grooves formed in the radially outer surfaces of the plan-
etary rollers, the outer ring member is moved linearly in the
axial direction.

Thus, by connecting the brake pad of the electric disk
brake system to the outer ring member, it is possible to
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linearly drive the brake pad to press the brake pad against the
brake disk, thereby applying a braking force to the brake
disk.

While applying a braking force, axial loads are applied to
the planetary rollers from the outer ring member. Since such
axial loads act on the portions of the helical grooves or
circumferential grooves formed on the radially outer sur-
faces of the planetary rollers that are in engagement with the
helical rib formed on the radially inner surface of the outer
ring member, such axial loads are unevenly applied to each
planetary roller.

But according to the present invention, since a pair of
aligning seats are provided between each planetary roller
and each thrust bearing or between each thrust bearing and
the inner disk of the carrier, when uneven loads are applied
to the planetary rollers, the pressurizing and pressure-re-
ceiving ones of the pair of aligning seats shift relative to
each other while kept in contact with each other such that the
surface pressure distribution becomes uniform in the cir-
cumferential direction. As a result, axial loads are applied to
the thrust bearing which are equal over the entire circum-
ference thereof. This prevents uneven wear of the rolling
elements and the bearing race.

As used herein, the “pressurizing aligning seat” refers to
the seat to which axial loads are applied from the planetary
roller, and the “pressure-receiving aligning seat” refers to
the seat which receives the pressurizing aligning seat.

Each pair of the aligning seats may be a combination of
a convex spherical surface and a concave spherical surface,
or a combination of a convex spherical surface and concave
tapered surface.

If concave spherical surfaces are used, these surfaces have
preferably a radius equal to or larger than the radius of the
convex spherical surfaces in order to minimize the axial
length of the member or members formed with the concave
spherical surfaces. If concave tapered surfaces are used,
these surfaces have preferably an obtuse taper angle in order
to again minimize the axial length of the member or mem-
bers formed with the tapered surfaces.

At least one of each pair of the aligning seats, i.e. the
convex spherical surface and the concave surface is prefer-
ably formed with radial grooves or a spiral groove for
retaining lubricant, or innumerable minute independent
recesses arranged in a random manner to improve slidability
between the contact portions of the convex spherical surface
and the concave surface, thereby preventing wear or seizure.

In the electric linear motion actuator according to the
present invention, each pair of the aligning seats may be
formed on the respective opposed surfaces of a pair of seat
plates mounted between each planetary roller and the cor-
responding thrust bearing or between each thrust bearing
and the inner disk of the carrier.

Alternatively, the pressurizing aligning seats or the pres-
sure-receiving aligning seats may be formed on the bearing
races of the respective thrust bearings, on the inner disk of
the carrier, or on the inner end surfaces of the respective
planetary rollers, thereby omitting one of each pair of the
seat plates. This reduces the number of parts of the entire
actuator, making it easier to assemble the actuator and
reducing its axial length.

The members formed with the aligning seats may be made
of'steel or a sintered material. By forming these members by
forging or sintering, it is possible to reduce the cost. These
members may be subjected to surface treatment to improve
durability.

According to the present invention, by the provision of the
aligning seats between the respective planetary rollers and
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thrust bearings or between the respective thrust bearings and
the inner disk of the carrier, contact surfaces between the
pressurizing aligning seats and the pressure-receiving align-
ing seats shift relative to each other under uneven loads
applied to the planetary rollers from the outer ring member.
This allows uniform surface pressure distribution of the
thrust bearings rotatably supporting the respective planetary
rollers in the circumferential direction, which in turn
improves durability of the thrust bearings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view of an electric linear
motion actuator according to a first embodiment of the
present invention.

FIG. 2 is an enlarged sectional of a portion of FIG. 1.

FIG. 3 is sectional view taken along line III-I1I of FIG. 2.

FIG. 4 is an enlarged sectional view of a portion of FIG.
2.

FIGS. 5(a) and 5(b) are sectional views of different seat
plates formed with different concave surfaces.

FIG. 6 is a vertical sectional view of an electric linear
motion actuator according to a second embodiment of the
present invention.

FIG. 7 is a vertical sectional view of an electric linear
motion actuator according to a third embodiment of the
present invention.

FIG. 8 is a vertical sectional view of an electric linear
motion actuator according to a fourth embodiment of the
present invention.

FIG. 9 is a vertical sectional view of an electric linear
motion actuator according to a fifth embodiment of the
present invention.

FIG. 10 is a vertical sectional view of an electric linear
motion actuator according to a sixth embodiment of the
present invention.

FIG. 11 is a vertical sectional view of an electric linear
motion actuator according to a seventh embodiment of the
present invention.

FIG. 12 is a vertical sectional view of an electric linear
motion actuator according to an eighth embodiment of the
present invention.

FIG. 13 is a vertical sectional view of an electric linear
motion actuator according to a ninth embodiment of the
present invention.

FIG. 14(a) is a front view of a different seat plate; and
FIG. 14(b) is a vertical sectional view of FIG. 14(a).

FIG. 15(a) is a front view of a still different seat plate; and
FIG. 15(b) is a vertical sectional view of FIG. 15(a).

FIGS. 16(a) and 16(b) are sectional views of further
different seat plates, respectively.

FIG. 17 is a vertical sectional view of an electric linear
motion actuator according to a tenth embodiment of the
present invention.

FIG. 18 is a vertical sectional view of an electric linear
motion actuator according to an 11th embodiment of the
present invention.

FIG. 19 is a vertical sectional view of an electric linear
motion actuator according to a 12th embodiment of the
present invention.

FIG. 20 is a vertical sectional view of an electric linear
motion actuator according to a 13th embodiment of the
present invention.

FIG. 21 is a vertical sectional view of an electric disk
brake system embodying the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

Now the embodiments of the invention are described with
reference to the drawings. FIGS. 1 to 3 show the electric
linear motion actuator A according to the first embodiment
of the present invention, which includes, as shown in FIG.
1, a cylindrical housing 1 having a radially outwardly
extending base plate 2 at a first end thereof. The outer side
surface of the base plate 2 is covered by a cover 3 bolted to
the first end of the housing 1.

An outer ring member 5 is mounted in the housing 1. The
outer ring member 5 is rotationally fixed to the housing, but
is axially slidable along the radially inner surface of the
housing 1. As shown in FIG. 2, a helical rib 6 having a
V-shaped section is formed on the radially inner surface of
the housing 1.

As shown in FIG. 1, a bearing member 7 is mounted in the
housing 1 at the first axial end of the outer ring member 5.
The bearing member 7 is a disk-shaped member having a
boss 7a at its central portion. A snap ring 8 is fitted on the
radially inner surface of the housing 1, preventing move-
ment of the bearing member 7 toward the cover 3.

A pair of axially spaced apart rolling bearings 9 are
mounted in the boss 7a of the bearing member 7. The rolling
bearings 9 rotatably support a rotary shaft 10 extending
along the center axis of the outer ring member 5.

An electric motor 11 is supported on the base plate 2 of
the housing 1 so that the rotation of the rotor shaft 12 of the
electric motor 11 is transmitted to the rotary shaft 10 through
a reduction gear train 13 mounted in the cover 3.

A carrier 14 is mounted in the outer ring member 5 which
is rotatable about the rotary shaft 10. As shown in FIGS. 2
and 3, the carrier 14 includes a pair of axially opposed disks
14a and 145b. The disk 1454 carries a plurality of spacer pillars
15 keeping a constant axial distance between the disks 14a
and 14b.

The carrier 14 is supported by slide bearings mounted in
the radially inner surfaces of the pair of disks 14a and 145,
respectively, so as to be rotatable about the rotary shaft 10
and axially slidable. A snap ring 17 is fitted on the rotary
shaft 10 at its end, preventing separation of the carrier 14
from the end of the rotary shaft 10.

The disks 14a and 14b of the carrier 14 are each formed
with a plurality of circumferentially spaced apart shaft
inserting holes 18 axially aligned with the respective holes
18 formed in the other of the disks 14a and 14b. A roller
shaft 19 has its ends inserted in each axially opposed pair of
shaft inserting holes 18, respectively. Each roller shaft 19
carries an opposed pair of bearings 20 rotatably supporting
a planetary roller 21.

The shaft inserting holes 18 formed in the disks 14a and
145 are radially elongated holes such that the roller shafts 19
can move between the ends of the respective holes 18.
Radially elastically deformable elastic rings 22 are wrapped
around first and second end portions of the roller shafts 19,
respectively, thereby radially inwardly biasing the roller
shafts 19 so as to be pressed against the radially outer
surface of the rotary shaft 10. Thus, when the rotary shaft 10
rotates, the planetary rollers 21 rotate too because the
planetary rollers 21 are in frictional contact with the radially
outer surface of the rotary shaft 10.

The planetary rollers 21 are each formed with a helical
groove 23 in its radially outer surface which is equal in pitch
to the helical rib 6 of the outer ring member 5 and in which
the helical rib 6 is engaged. Instead of such a helical groove
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6

23, a plurality of circumferential grooves may be formed
with the same pitch as the pitch of the helical rib 6.

Between each planetary roller 21 and the axially inner one
of the pair of disks 14a and 145, i.e. the disk 14a, which is
located near the bearing member 7, a thrust bearing 24, a
pressurizing seat plate 25 and a pressure-receiving seat plate
26 are arranged in this order from the planetary roller 21
toward the disk 14a.

As shown in FIG. 4, the thrust bearing 24 includes a
bearing race 24a, a plurality of rolling elements 245 which
can roll along the surfaces of the bearing race 24a and the
planetary roller 21 opposed to each other, and a retainer 24¢
retaining the rolling elements 244.

Aligning seats 27 are formed on the respective opposed
surfaces of the pressurizing seat plate 25 and the pressure-
receiving seat plate 26. The aligning seats 27 include a
convex spherical surface 27a formed on the pressurizing
seat plate 25 and a concave surface 276 formed on the
pressure-receiving seat plate 26 and adapted to contact and
guide the convex spherical surface 27a. The concave surface
27h may be a concave spherical surface as shown in FIG.
5(a), or may be a tapered surface as shown in FIG. 5(b).

The pressurizing seat plate 25 and the pressure-receiving
seat plate 26 are formed with shaft inserting holes 254 and
26a at their respective central portions thorough which the
roller shaft 19 extends. A gap 28 is present between the shaft
inserting hole 26a formed in the pressure receiving seat plate
26 and the roller shaft 19.

The shaft inserting hole 25a formed in the pressurizing
seat plate 25 has an inner diameter substantially equal to the
outer diameter of the roller shaft 19. The pressurizing seat
plate 25 is inclinable within the range permitted by the gap
28.

As shown in FIG. 2, an annular support member 30 and
a thrust bearing 31 are mounted between the opposed
surfaces of the inner disk 14a of the carrier 14 and the
bearing member 7 such that the thrust bearing 31 receives
axial thrust loads applied to the carrier 14 and the support
member 30.

The support member 30 is formed with an annular groove
32 in its surface facing the inner disk 14a in which the elastic
ring 22 is received.

A seal cover 33 is mounted to the outer ring member 5 to
close the opening of the outer ring member 5 at the second
end of the outer ring member, which is located outwardly of
the opening of the housing 1 at the second end of the
housing, thereby preventing entry of foreign matter into the
outer ring member. A boot 34 is mounted between the
second end of the housing 1 and the second end of the outer
ring member 5 to close the opening of the housing 1 at the
second end of the housing, thereby preventing entry of
foreign matter into the housing.

FIG. 21 shows an electric disk brake system B including
the above-described electric linear motion actuator A of the
first embodiment. This electric disk brake system includes a
caliper body portion 40 integrally connected to the second
end of the housing 1 of the electric linear motion actuator,
a brake disk 41 arranged such that its outer peripheral
portion passes through the interior of the caliper body
portion 40, and a fixed brake pad 42 and a movable brake
pad 43 provided on one and the other side of the brake disk
41, respectively, with the movable brake pad 43 fixedly
coupled to the second end of the outer ring member 5.

Now the operation of the electric disk brake system B
shown in FIG. 21 is described. When the rotary shaft 10 is
rotated by the electric motor 11, shown in FIG. 1, the
planetary rollers 21 rotate about their respective own axes
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while revolving around the rotary shaft 10, due to frictional
contact with the rotary shaft 10.

Since the helical rib 6 formed on the radially inner surface
of the outer ring member 5 is engaged in the helical grooves
23 formed in the radially outer surfaces of the respective
planetary rollers 21, when the planetary rollers 21 rotate
about their respective own axes while revolving around the
rotary shaft, the outer ring member 5 moves axially, thus
pressing the movable brake pad 43 against the brake disk 41,
applying a braking force to the brake disk 41.

When a braking force is applied to the brake disk, axial
loads are applied from the outer ring member 5 to the
planetary rollers 21. Specifically, such axial loads are
applied to the portions of the helical grooves 23 of the
planetary rollers 21 that are in engagement with the helical
rib 6 of the outer ring member 5. Thus such axial loads are
unevenly applied to the respective planetary rollers 21.

Since the pressurizing seat plate 25 and the pressure-
receiving seat plate 26 are mounted between each planetary
roller 21 and the inner disk 14a of the carrier 14, and the
aligning seats 27 are formed on the opposed surfaces of the
respective seat plates 25 and 26, when uneven loads are
applied to the planetary roller 21, the pressurizing seat plate
25 is inclined with the convex spherical surface 27a of the
pressurizing seat plate 25 kept in contact with and guided by
the concave surface 275 of the pressure-receiving seat plate
26, thus uniformly distributing the surface pressure between
the convex spherical surface 27a and the concave surface
27b in the circumferential direction.

Axial loads are thus evenly applied to the thrust bearing
24 over the entire circumference. This prevents uneven wear
of the bearing race 24a and the rolling elements 245, which
in turn improves the durability of the thrust bearing 24.

FIG. 6 shows the electric linear motion actuator according
to the second embodiment of the present invention. This
embodiment differs from the first embodiment in that the
pressurizing seat plate 25 and the pressure-receiving seat
plate 26 are mounted between each planetary roller 21 and
the thrust bearing 24. Thus, elements identical to those of the
first embodiment are denoted by the same numerals and their
description is omitted.

In the embodiment of FIG. 6, the convex spherical surface
27a is formed on the pressurizing seat plate 25, and the
concave surface 275 is formed on the pressure-receiving seat
plate 26. In the third embodiment shown in FIG. 7, the
concave surface 275 is formed on the pressurizing seat plate
25, while the convex spherical surface 274 is formed on the
pressure-receiving seat plate 26.

In the second embodiment, shown in FIG. 6, and the third
embodiment, shown in FIG. 7, the pressure-receiving seat
plates 26 may be each formed with a raceway for guiding the
rolling motion of the rolling elements 245 of the respective
thrust bearings 24, thereby omitting the bearing races 24a.

FIG. 8 shows the electric linear motion actuator according
to the fourth embodiment of the present invention. This
embodiment differs from the first embodiment in that a
concave spherical surface 275 is formed on the pressurizing
seat plate 25, and the convex spherical surface 27q is formed
on the pressure-receiving seat plate 26. Thus, elements
identical to those of the first embodiment are denoted by the
same numerals and their description is omitted.

In any of the electric linear motion actuators of the second
to fourth embodiments, when uneven loads are applied to the
planetary rollers 21 from the outer ring member 5, the
pressurizing seat plates 25 are inclined such that the surface
pressure on the thrust bearings 24 is distributed uniformly in
the circumferential direction thereof.
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In the embodiment of FIG. 8, the pressurizing seat plates
25, which are formed with the concave surfaces 275, may be
formed with raceways for guiding the rolling motion of the
rolling elements 245 of the respective thrust bearings 24,
thereby omitting the bearing races 24a.

FIG. 9 shows the electric linear motion actuator according
to the fifth embodiment of the present invention. In this
embodiment, the pressure-receiving seat plates 26 are
mounted between the bearing races 24a of the respective
thrust bearings 24 and the inner disk 14a of the carrier 14,
with the convex spherical surfaces 274 formed on the
respective bearing races 24a and concave spherical surfaces
27b formed on the respective pressure-receiving seat plates
26 such that the concave surfaces 27b and the convex
spherical surfaces 274 serve as the aligning seats 27.

With this arrangement, since the aligning seats 27 are
formed on the opposed surfaces of the bearing races 24a and
the pressure-receiving seat plates 26, respectively, it is
possible to omit the pressurizing seat plates 25, shown in
FIG. 2, thus reducing the number of parts, which in turn
makes it possible to more easily assemble the electric linear
motion actuator and also to reduce its axial length.

FIG. 10 shows the electric linear motion actuator accord-
ing to the sixth embodiment of the present invention. In this
embodiment, the pressurizing seat plates 25 are mounted
between the respective thrust bearings 24 and the inner disk
14a of the carrier 14, with concave spherical surfaces 276
formed on the respective pressurizing seat plate 25, and the
convex spherical surfaces 27a formed on the inner disk 14a
so as to face the respective pressurizing seat plate 25 such
that the convex spherical surfaces 27a and the concave
surfaces 27b serve as the aligning seats 27.

With this arrangement, since the aligning seats 27 are
formed on the opposed surfaces of the respective pressur-
izing seat plates 25 and the inner disk 14a of the carrier 14,
it is possible to omit the pressure-receiving seat plates 26,
shown in FIG. 8, thus reducing the number of parts, which
in turn makes it possible to more easily assemble the electric
linear motion actuator and also to reduce its axial length.

Instead of, as in FIG. 10, forming the concave surfaces
27b on the respective pressurizing seat plates 25 and form-
ing the convex spherical surfaces 27a on the inner disk 14a,
in the seventh embodiment shown in FIG. 11, the convex
spherical surfaces 27a are formed on the respective pres-
surizing seat plates 25 and the concave surfaces 27b are
formed on the inner disk 14a.

In either of the embodiments of FIGS. 10 and 11, the
pressurizing seat plates 25 may be formed with raceways for
guiding the rolling motion of the rolling elements 245 of the
respective thrust bearings 24, thereby omitting the bearing
races 24a, shown in FIGS. 10 and 11.

FIG. 12 shows the electric linear motion actuator accord-
ing to the eighth embodiment of the present invention. In
this embodiment, the pressure-receiving seat plates 26 are
mounted between the respective planetary rollers 21 and the
thrust bearings 24, with concave spherical surfaces 27b
formed on the surfaces of the respective pressure-receiving
seat plates 26 that face the planetary rollers 21, and with the
convex spherical surfaces 27a formed on the surfaces of the
respective planetary rollers 21 facing the pressure-receiving
seat plates 26 such that the convex spherical surfaces 27a
and the concave surfaces 275 serve as the aligning seats 27.

With this arrangement, since the aligning seats 27 are
formed on the opposed surfaces of the respective planetary
rollers 21 and the pressure-receiving seat plates 26, it is
possible to omit the pressurizing seat plates 25, shown in
FIG. 6, thus reducing the number of parts, which in turn
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makes it possible to more easily assemble the electric linear
motion actuator and also to reduce its axial length.

Instead of, as in the eighth embodiment of FIG. 12,
forming the convex spherical surfaces 27a on the respective
planetary rollers 21 and forming the concave surfaces 276
on the respective pressure-receiving seat plates 26, in the
ninth embodiment shown in FIG. 13, the concave surfaces
27b is formed on the respective planetary rollers 21, and the
convex spherical surfaces 27a are formed on the respective
pressure-receiving seat plates 26. In this case, the pressure-
receiving seat plates 26 may be formed with raceways for
guiding the rolling motion of the rolling elements 245 of the
respective thrust bearings 24, thereby omitting the bearing
races 24a shown in FIG. 12.

If the pressure-receiving seat plates 26 have a concave
spherical surface 275 as shown in FIG. 5(a), the concave
spherical surface 27b has preferably a radius of curvature
equal to or larger than the radius of curvature of the convex
spherical surface 274, shown in FIG. 4, to minimize the axial
thickness of the pressure-receiving seat plates 26 and thus
the axial length of the electric linear motion actuator.

If the pressure-receiving seat plates 26 have a tapered
surface as shown in FIG. 5(b), the concave surface 275 has
preferably an obtuse taper angle 6 to again minimize the
axial thickness of the pressure-receiving seat plates 26 and
thus the axial length of the electric linear motion actuator.

FIGS. 14(a) and 14(B) show an aligning seat 27 in the
form of a convex spherical surface 27a formed with radial
grooves 35. FIGS. 15(a) and 15(5) show an aligning seat 27
in the form of a concave surface 275 formed with a spiral
groove 35. The grooves 35 formed in the convex spherical
surface 27a or the concave surface 275 as an aligning seat
27 retain lubricants (oils and fats) such as lubricating oil or
grease, thus allowing smooth sliding movement between the
convex spherical surface 274 and the concave surface 275,
which in turn prevents wear and seizure.

Instead of such grooves 35, as shown in FIGS. 16(a) and
16(b), innumerable independent minute recesses 36 may be
formed in a random manner on the convex spherical surface
27a and/or the concave surface 27b which forms the align-
ing seat 27 to retain oils and fats. Further alternatively, a
solid lubricant film may be formed between the convex
spherical surface 27a and the concave surface 275 to lubri-
cate the contact portions of the convex spherical surface 27a
and the concave surface 27b.

FIG. 17 shows the electric linear motion actuator accord-
ing to the tenth embodiment of the present invention. In this
embodiment, a pressurizing seat plate 25 formed with a
convex spherical surface 27a and a pressure-receiving seat
plate 26 formed with a concave spherical surface 275 are
mounted between each planetary roller 21 and the corre-
sponding thrust bearing 24. The pressurizing seat plates 25
have shaft portions 255 press-fitted in shaft inserting holes
21a formed on the first end surfaces of the respective
planetary rollers 21 such that the pressurizing seat plates 25
rotate together with the respective planetary rollers 21.

The pressure-receiving seat plates 26 have shaft portions
26b rotatably supported by the respective thrust bearings 24
and the inner disk 14a of the carrier 14.

A spring holder 51 is mounted between the inner disk 14a
and the boss 7a of the bearing member 7. The spring holder
51 is formed with a recess 52 in which an elastic member 50
is received. The elastic member 50 biases the carrier 14
outwardly, pressing the inner wall of a tapered hole 14¢
formed in the outer disk 145 against a tapered surface 10a
formed on the rotary shaft 10 at its second end portion.
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The concave surfaces 27b have a radius of curvature
slightly larger than the radius of curvature of the convex
spherical surfaces 27a. A thrust bearing 31 and a spacer 53
are mounted between the spring holder 51 and the bearing
member 7.

In this embodiment, no roller shafts 19 shown in FIG. 1
are used. In this embodiment, when uneven loads are applied
to the respective planetary rollers 21 from the outer ring
member 5, since the concave surfaces 275 have a slightly
larger radius of curvature than the convex spherical surfaces
27a,uneven loads are initially concentrated on the centers of
curvature of the concave surfaces 276 of the respective
pressure-receiving seat plates 26. Because the thrust bear-
ings 24 are arranged coaxial with the respective concave
surfaces 27h, the loads concentrated on the centers of
curvature of the respective concave surfaces can be uni-
formly dispersed and uniformly applied to the respective
rolling elements 245 of each thrust bearing 24 as well as its
bearing race 24a, which guides the rolling elements 2464.

In the tenth embodiment, the concave surfaces 275 have
a slightly larger radius of curvature than the convex spheri-
cal surfaces 27a. But they may have the same radius of
curvature instead. In this case, loads are uniformly distrib-
uted to the respective rolling elements 245 and the bearing
race 24a of each thrust bearing due to spherical contact
between the convex spherical surface 27a¢ and the concave
surface 27b.

In the tenth embodiment, convex spherical surfaces 27a
are formed on the pressurizing seat plates 25, which are
formed with the shaft portions 255, and concave surfaces
27b are formed on the pressure-receiving seat plates 26,
which are formed with the shaft portions 264. In the 11th
embodiment shown in FIG. 18, the concave surfaces 275 are
formed on the pressurizing seat plates 25, while the convex
spherical surfaces 27a are formed on the pressure-receiving
seat plates 26.

In the tenth embodiment, the pressurizing seat plates 25
are mounted to the respective planetary rollers 21, and are
formed with convex spherical surfaces 27a. In the 12th
embodiment shown in FIG. 19, convex spherical surfaces
27a are directly formed on the first end surfaces of the
respective planetary rollers 21, thereby omitting the pres-
surizing seat plates 25.

In the tenth embodiment, the pressurizing seat plates 25
are mounted between the planetary rollers 21 and the thrust
bearings 24, with the convex spherical surfaces 27a thereof
kept in contact with the concave surfaces 275 formed on the
pressure-receiving seat plates 26. In the 13th embodiment
shown in FIG. 20, the pressurizing seat plates 25 are
mounted between the respective thrust bearings 24 and the
inner disk 14a of the carrier 14 such that the convex
spherical surfaces 27a formed on the pressurizing seat plates
25 contact the concave spherical surfaces 275 formed on the
inner disk 14a.

In the 13th embodiment of FIG. 20, the pressurizing seat
plates 25 have shaft portions 255 rotatably supported by the
respective planetary rollers 21.

In any of the first to ninth embodiments, the pressurizing
seat plates 25 formed with the convex spherical surfaces
27a, the pressure-receiving seat plates 26 formed with the
concave surfaces 275 such as concave spherical surfaces,
and/or other members are made of steel material or sintered
material because these materials are easily available and
easily workable. If necessary, these members may be sub-
jected to surface treatment such as heat treatment and/or
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plating treatment to improve strength, slidability and wear
resistance, thus extending their lifespan and improving
reliability.

12

the planetary rollers while revolving around the rotary
shaft, thereby moving the outer ring member in one
axial direction;

What is claimed is:

1. An electric linear motion actuator comprising:

a cylindrical housing;

an outer ring member mounted in the housing;

a rotary shaft extending along a center axis of the outer

wherein thrust bearings are mounted between the respec-
tive planetary rollers and the inner disk of the carrier
and configured to receive an axial force applied to the
respective planetary rollers from the outer ring member
when the outer ring member is moved in the one axial
direction;

wherein a plurality of pairs of aligning seats are provided

ring member and configured to be rotated by an electric . oS .
mo%or' & Y 10 such that each of the pairs of the aligning seats is

planetary rollers mounted between a radially outer surface provided zfztween ea;hhof tllllli plelljnete}ry rolle{)s and a
of the rotary shaft and a radially inner surface of the corresponding one ol the thrust bearings or between
outer ring member; and each of the thrust bearings and the inner disk of the

. carrier;

a carrier supported by the rotary shaft so as to be rotatable 15 L . . .
about the rotary shaft and rotatably supporting the wherein each of the pairs of the aligning seats comprises
planetary rollers, the carrier including an inner disk; aconvex sphengal surface and a concave surface which

wherein a helical groove or circumferential grooves are contacts and guides the convex sphen.cal surface; and
formed in a radially outer surface of each of the wherein at least one of the convex spherical surface and
planetary rollers, and a helical rib is formed on the 20 the concave surfa.ce is formed with at least one groove
radially inner surface of the outer ring member, the for retaining lubricant, or a lar.ge number of indepen-
helical rib being in engagement with the helical dent. minute recesses arranged in a random manner for
grooves or the circumferential grooves of the respective retaining l.ubr.lcant. . . .
planetary rollers, wherein the rotary shaft is kept in 2. The electric linear motion actuator of claim 1, wherein
frictional contact with the respective planetary rollers, 25 the at least one groove comprises radial grooves or a spiral

whereby when the rotary shaft rotates, the planetary
rollers are configured to rotate about respective axes of

groove.



